Seminal plasma proteins and their relationship with sperm motility in Santa Ines rams  by Rodrigues, M.A.M. et al.
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a  b  s  t  r  a  c  t
Recently,  comprehensive  studies  were  conducted  regarding  the reproductive  development,
age at puberty,  spermatogenesis  and  the  protein  proﬁle  in  the seminal  plasma  of Santa
Ines  rams.  Despite  the  abundant  information  obtained  from  these  studies  regarding  these
tropically  adapted  rams  in  Brazil,  it is  still  unclear  how  sperm  parameters  relate  to  the
expression  of  molecular  components  of the reproductive  tract.  In  this  regard,  the  present
study was  conducted  to determine  if sperm  parameters  were  empirically  associated  with
the seminal  plasma  proteins  described  in  two-dimensional  electrophoresis  maps.  Seminal
plasma proteins  were  separated  by  two-dimensional  electrophoresis  and  the  respective
maps  electronically  analyzed.  Protein  spots  associated  with  higher  or lower  sperm  motility
were then  identiﬁed  by tandem  mass  spectrometry.  Based  on  sperm  motility,  the  ejaculates
were  divided  into  two  groups:  those  containing  up  to 80%  motile  cells  (G1;  n  =  11)  and
those  with  more  than  80%  motile  sperm  (G2;  n  =  10).  On  average,  236  spots  per  gel were
detected.  Eleven  spots  were  signiﬁcantly  more  intense  in  gels  from  animals  with  ejaculates
characterized  by  higher  semen  motility  scores  (G2).  The  intensity  of three  other  spots  was
higher  in  gels  from  the  G1  group.  All  spots  differentially  expressed  for G1  and  G2, were
present  in at  least  90%  of  the  gels.  From  the  13 spots  differentially  expressed  in G1  and
G2, four  spots  were  identiﬁed  by  tandem  mass  spectrometry.  Spots  expressed  with  more
intensity  in  the  ejaculates  with  higher  sperm  motility  (G2)  were  identiﬁed  as  arylsulfatase
A  and  zinc-alpha-2-glycoprotein.  On the  other  hand,  two  spots  associated  with  G1 were
identiﬁed  as  ram  seminal  vesicles  protein  22 kDa  (RSVP-22)  and  bodhesin-2.  Knowledge  of
these  identities  represents  a crucial  step  toward  the  comprehension  of  how  speciﬁc  seminal
plasma proteins  are  related  to sperm  motility.. IntroductionThe North-east of Brazil houses 40% of the Brazilian
heep population, estimated at almost 20 million animals.
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© 2012 Elsevier B.V. Open access under the Elsevier OA license.Despite the numbers in the Brazilian ﬂocks, fertility indexes
of the hairy sheep still need to signiﬁcantly increase, so that
the production systems meet the appropriate proﬁtabil-
ity and competitiveness of the world market. The fertility
problems in sheep ﬂocks are due, in large, to aspects relat-
ing to the physiology and reproductive management of the
© 2012 Elsevier B.V. Open access under the Elsevier OA license.females. However, the males tend to inﬂuence this situa-
tion given that, based on studies carried out using cattle,
there is still a high percentage of temporarily infertile and
subfertile sires on farms used in natural mating (Peddinti
RuminanM.A.M. Rodrigues et al. / Small 
et al., 2008). Therefore this fact must have a signiﬁcant
effect on the number of offspring born per year in a ﬂock,
given the large number of females submitted to natural
mating systems (Lima, 1996).
Factors relating to the male contribute to a large propor-
tion of infertility in several species, and the nature of male
sub-fertility is as complex as that of the female (Saacke
et al., 2000). Several studies have pointed to the actions
of different proteins found in the semen, being related to
the acquisition of fertilizing capacity of the spermatozoa in
mammals (Carballada and Esponda, 1998). Such proteins
affect a wide range of sperm-related phenomena, includ-
ing sperm capacitation and the acrosome reaction (Thérien
et al., 1995; Thérien and Manjunath, 2003), the formation of
the oviduct reservoir (Gwathmey et al., 2006) and fertiliza-
tion and embryonic development (Gonc¸ alves et al., 2008a,
2008b). There are also reports that seminal plasma proteins
affect sperm motility (Yoshida et al., 2008). These pro-
teins could either display negative (Iwamoto et al., 1995;
Schoneck et al., 1996; La Falci et al., 2002) or positive effects
on sperm motility (Somlev et al., 1996; Qu et al., 2007).
Recently, comprehensive studies were conducted
regarding the reproductive development, age at puberty
(Souza et al., 2010a)  and protein proﬁles of the seminal
plasma of Santa Ines rams (Souza et al., 2010b).  Despite the
information obtained from those studies regarding these
tropically adapted rams of Brazil, it is still unclear how
sperm parameters relate to the expression of the molec-
ular components of the reproductive tract. In this regard,
the present study was conducted to determine if sperm
motility was empirically related to seminal plasma proteins
described in two-dimensional electrophoresis maps.
2. Materials and methods
All rams were managed in accordance to guidelines for
research involving animals (Moura et al., 2010). Semen
samples were collected by artiﬁcial vagina from 21 adult
Santa Ines rams (2 years of age), of normal reproductive
status. Rams were maintained in individual pens, and fed
hay (Cynodon sp.), commercial concentrate containing 18%
of crude protein, and had free access to water and a min-
eral supplement. Immediately after semen collection, the
seminal plasma was separated from sperm by centrifu-
gation and then subjected to 2D electrophoresis. All gels
were stained with colloidal Coomassie blue and the result-
ing images scanned and analyzed using PDQuest (Bio-Rad,
Rockville, MD,  USA).
2.1. Semen collection and two-dimensional
electrophoresis of the seminal plasma proteins
Semen samples were obtained once from each ani-
mal  and analyzed, as previously reported (Souza et al.,
2010a). Brieﬂy, semen was harvested using an artiﬁcial
vagina, immediately placed in a water bath (37 ◦C) and
aliquots taken for semen assessment. Immediately after
collection, semen was assessed for semen wave motion,
graded on a subjective scale ranging from 1 to 5, where
1 was scored when there was no mass movement and
5 represented vigorous waves of sperm motion (Evanst Research 109 (2013) 94– 100 95
and Maxwell, 1987). Sperm concentration was  determined
with the aid of a haemocytometer, using samples diluted
(1:400) in a buffered saline-phormol solution, and the total
number of ejaculated sperm was estimated by multiplying
sperm concentration with the ejaculate volume. The per-
centage of abnormal sperm was  determined by counting
200 cells/ejaculate in semen smears stained with eosin and
nigrosin (Colas, 1980). All semen parameters were eval-
uated by the same trained technician during the entire
course of the study.
The remaining semen was immediately centrifuged
at 700 × g for 10 min  at 4 ◦C, to separate the seminal
plasma and the sperm. Seminal plasma was then trans-
ferred to a clean test tube and centrifuged at 10,000 × g
for 60 min  (4 ◦C), as previously described (Moura et al.,
2006a; Souza et al., 2010a).  Following the last centrifu-
gation, the seminal plasma was  aliquoted and stored
at −80 ◦C. Seminal plasma (100 L) from each semen
sample was  used to determine the total protein concentra-
tion (Bradford, 1976), using bovine serum albumin (BSA)
(Sigma–Aldrich, Saint Louis, MO,  USA) as the standard.
All assays were performed in triplicate. Electrophore-
sis of the seminal plasma proteins was  carried out
on immobilized pH gradient (IPG) strips, as previously
described (Souza et al., 2010a).  In short, samples of sem-
inal plasma containing 400 g total protein were mixed
with a buffer prepared with 7 M urea, 2 M thiourea, 65 mM
DTT (dithiothreitol), 0.5% free ampholytes (IPG buffer, 4–7),
0.5% CHAPS (3-[(3-cholamidopropyl)dimethylammonio]-
1-propanesulfonate) and traces of bromophenol blue
sufﬁcient for 250 L. Then, the samples were incubated
with 13 cm IPG strips (pH 4–7, linear) (GE Lifesciences,
Piscataway, NJ, USA), and allowed to rehydrate for 20 h.
Isoelectric focusing was performed in ETTANTM IPG-
phor 3TM (GE Lifesciences, USA) at 20 ◦C, according to
the following program: 200 V (200 V h), 500 V (1000 V h),
5000 V (10,000 V h), 10,000 V (22,000 V h), with a total of
33,200 V h. After focusing, the strips containing seminal
plasma proteins were incubated in equilibration buffer I
(6 M urea, 50 mM Tris–HCl pH 8.8, 29.3% glycerol, 2% SDS,
1% DTT) and re-equilibrated for an additional 15 min  in
buffer II (similar to equilibration buffer I, but containing
2.5% iodoacetamide, instead of DTT). Following equili-
bration, strips were ﬁxed with agarose (5% in SDS-PAGE
running buffer) on homogeneous SDS-polyacrylamide gels
(15%) and run at 250 V, with 30 mA per gel (Hoefer SE
600; GE Lifesciences, USA). The gels were then stained
in colloidal Coomassie blue (Candiano et al., 2004), with
modiﬁcations. Brieﬂy, the gels were washed three times
(20 min) in a solution containing phosphoric acid (2%) and
ethanol (30%). Another three washes in 2% phosphoric
acid followed, and then the gels were placed in a solu-
tion of phosphoric acid (2%), ethanol (18%), ammonium
sulfate (15%), plus 2 mL  of a Coomassie Blue G-250 solution
(2%), for 72 h. The reagents used for electrophoresis were
purchased from Acros Organics (Belgium), GE Lifesciences
(USA) and/or Sigma–Aldrich (USA).The two-dimensional gels were scanned at 300 dpi
(ImageScanner II; GE Lifesciences, USA), saved as tagged
image ﬁle format (.tiff) ﬁles and analyzed using PDQuest
software, 7.3.0 version (Bio-Rad, USA). According to a
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(Fig. 1) were recorded. Of these, 63 spots were consistently
present on all the gels. The combined intensity of those
spots accounted for 41.5% of the intensity of all valid spots
in the match set. Spot numbers 3304 (pI 5.2; 31.1 kDa),
Table 1
Means and standard deviations of evaluated seminal traits of Santa Inês
rams raised at Brazilian semi-arid.
Seminal trait High motility
(n = 10)
Normal (low)
motility (n = 11)
Ejaculate volume (mL) 1.7 ± 0.4 1.8 ± 0.5
Sperm concentration (×106/mL) 2.3 ± 0.7 2.7 ± 0.7
Sperm motility (%) 89.5 ± 1.6a 74.5 ± 6.5a6 M.A.M. Rodrigues et al. / Small R
trategy previously reported (Moura et al., 2006a, 2007;
ouza et al., 2010a), all 2D maps were evaluated as a single
atch set and a master gel generated, based on a repre-
entative gel. In addition, spots consistently present in the
emaining gels were added to the master, so that they could
e matched to all the samples. Proteins in key regions of
he master gel were used as landmarks and the match-
ng of spots was achieved after several rounds of extensive
omparison. Also, ﬁnal spot matches were performed by
hecking each spot in each gel with the respective pattern
n the master. Protein quantities were reported as parts per
illion of the total integrated optical density of spots in the
els, according to PDQuest.
Seminal plasma proteins of interest were separated
y 2D electrophoresis and marked as spots in the gels,
estained and subjected to in-gel trypsin digestion (Rocha
t al., 2009). Each spot was excised individually (1 mm3
ieces) and transferred to clean tubes. Dye and SDS were
oved from the spots after three washes in 400 L of
 solution containing acetonitrile (50%) and ammonium
icarbonate (50%; 25 mM at pH 8.0). The gel pieces were
hen dehydrated with 200 L absolute acetonitrile for
 min  and dried at room temperature. The resulting mate-
ial was then incubated for 20 h (37 ◦C) with trypsin
166 ng/spot; Promega cat. # V5111, Madison, WI,  USA).
eptides were extracted from the gel pieces by washing
ith 5% triﬂuoroacetic acid, 50% acetonitrile, in ammo-
ium bicarbonate (50 mM)  for 30 min, in three washes. The
upernatants were transferred to micro tubes and concen-
rated using vacuum (Savant, Holbrook, NY, USA), to a ﬁnal
olume of 10 L. A piece of blank gel, without spots, and
 piece of albumin from the molecular mass markers were
ubmitted to the same procedure and used as negative and
ositive controls, respectively.
.2. Protein identiﬁcation by MALDI-ToF/ToF mass
pectrometry
MALDI-ToF/ToF-MS acquisition was performed using an
BI 4700 Proteomics Analyzer (Applied Biosystems, USA),
ith 3.5-dimethoxy-4-hydroxycinnamic acid as matrix.
he MS  spectra were recorded in positive ion reﬂector
ode, with 1600 laser shots per spot, processed with
efault calibration and the 6 most intense ions submit-
ed to fragmentation. The PSD spectra were induced with
400 laser shots and 1 keV collision energy with CID
collision-induced dissociation) turned off (1 × 18−8 Torr).
he resulting tandem mass spectra were searched against
he non-redundant protein sequence database from the
ational Center for Biotechnology Information (NCBI),
sing the Mascot MS/MS  ion search tool (version 2.1;
ww.matrixscience.com). The search parameters used
ncluded no restrictions on the protein molecular mass,
ne tryptic missed cleavage, and non-ﬁxed modiﬁcations
f methionine (oxidation) and cysteine (carbamidomethy-
ation). Peptide mass tolerances in the searches were 1.0 Da
or MS  spectra and 0.6 Da for MS/MS  spectra. The peptides
ere considered to be identiﬁed when the scoring value
xceeded the identity or extensive homology threshold
alue, as calculated by Mascot, based on the MOWSE  score.
n cases of protein identiﬁcation based on a single peptide,t Research 109 (2013) 94– 100
the minimum threshold of the probability was based on a
Mascot score of 40. The rate of false positives was  deter-
mined by running searches against a decoy database, using
the same parameters.
The experiment followed a completely randomized
design, where each animal was considered as a random fac-
tor. Semen parameters and spot intensities in the protein
maps were tested for normality, using the Shapiro–Wilk’s
test, and for asymmetry and kurtosis, using the UNIVARI-
ATE procedure with NORMAL and PLOT options of the
Statistical Analysis System. Variables without a normal
distribution (Shapiro–Wilk’s P < 0.05) were log(log(x + 1))
or angularly (arcsin
√
x/100)  transformed. Normal dis-
tributed variables, irrespective of transformation, were
compared between groups using Student’s t test after
analysis of variance using the GLM procedure (P < 0.05).
Non-parametric data were analyzed by the Mann–Whitney
test (Sas, 2003).
Logistic models were built using selected spot inten-
sities to estimate the probability of a given ejaculate in
displaying high sperm motility, using the LOGISTIC proce-
dure (Sas, 2003), with the following equation:
y = e
(a+bx)
1 + e(a+bx)
where, y is the probability of the ejaculate displaying high
sperm motility, e is the base of the natural logarithm, a is
the intercept of the model, b is the slope of the model and
x is the spot intensity.
3. Results
Rams used in this experiment ejaculated, on average,
1.7 ± 0.4 mL  of semen, with a mean score of 4.1 ± 0.7 for
semen wave motion (out of 5), 81.7 ± 8.9% motile sperm,
and containing 3.3 ± 0.4 × 109 sperm cells per mL  of semen,
with 3.8 ± 5.7% abnormal cells. Based on sperm motility, the
ejaculates were divided in two groups: those containing
up to 80% motile cells (G1; n = 11), and those with more
than 80% motile sperm (G2; n = 10). The average ejaculated
parameters between the two groups differed only in the
percentage of motile sperm (%M) and wave motion (WM)
(P < 0.01), as set out in Table 1.
On average, 236 ± 7 spots per gel of seminal plasmaMass motility (1–5) 4.3 ± 0.5a 3.7 ± 0.6a
Major sperm defects (%) 2.3 ± 1.8 5.1 ± 4.4
Minor sperm defects (%) 4.3 ± 2.2 4.5 ± 4.0
a Means with different superscripts are signiﬁcantly different (P < 0.01).
M.A.M. Rodrigues et al. / Small Ruminant Research 109 (2013) 94– 100 97
Fig. 1. Two-dimensional map  of seminal plasma proteins of adult rams.
(A) Represents the master gel generated by PDQuest software (Bio-Rad,
USA), based on a match set with all gels used in the study. (B) Corresponds
to  the reference map (from ram SI 517) from which the master was  mostly
generated.3601 (pI 5.2; 58.8 kDa), 4607 (pI 5.3; 57.7 kDa), 4701 (pI 5.3;
68.0 kDa), 5501 (pI 5.5; 50.9 kDa), 8001 (pI 6.5; 13.8 kDa),
9002 (pI 6.8; 14.9 kDa), 4401 (pI 5.3; 49.3 kDa), 4604 (pI 5.4;
58.9 kDa) and 5303 (pI 5.5; 64.1 kDa), had a signiﬁcantly
Fig. 2. Ram seminal plasma protein spots differentially expressed in groups of ra
and  respective spot intensities of the seminal plasma proteins from Santa Ines raFig. 3. Probabilities of having more than 80% motile sperm estimated
by  logistic regression (y = e(a+bx)/1 + e(a+bx)) of spots that differed (P < 0.01)
between the high and low sperm motility groups.
higher intensity in the gels from the G2 group – associated
with ejaculates characterized by higher motility scores,
while the intensities of spots 5403 (pI 5.7; 45.3 kDa), 301
(pI 4.2; 33.0 kDa) and 5001 (pI 5.5; 14.4 kDa) were higher in
the gels from the G1 group (Fig. 2). All spots differentially
expressed between G1 and G2 were present in at least 90%
of the gels. The four spots displaying the highest difference
between groups (3601, 3304, 5501 and 8001) were selected
and a logistic model was  built to calculate the probability
that the ejaculates display higher motility scores, based on
values of the spot intensities (Fig. 3).From the 13 differentially expressed between G1 and
G2, 4 were identiﬁed by tandem mass spectrometry
(Table 2). Spots 301 and 5001 (more abundant in G1),
were identiﬁed as RSVP-22 and bodhesin-2, respectively.
ms with higher (G2) and lower sperm motility (G1). (A and B) Master gel
ms are differentially expressed in G2 and G1, respectively.
98 M.A.M. Rodrigues et al. / Small Ruminant Research 109 (2013) 94– 100
Table 2
Seminal plasma proteins of adult rams, differentially expressed in ejaculates displaying higher or lower sperm motility.
Protein Experimental
(kDa/pI)
NCBI
accession
number
MS/MS
protein
score
Sequence
covered (%)
Matched peptides Ion score False
discovery
rate
m/z  z
Seminal vesicles 22 kDa protein (Ovis aries)
Spot 01 29.4/4.3 219,521,812 83 15 (76)EWCSLDEDYVGR(87) 68 0.00% 1529.7885 1
(134)EYAWQYCDR(142) 36 1291.6484 1
(134)EYAWQYCDRY(143) 25 1454.7282 1
Bodhesin 2 (Capra hircus)
Spot 02 14.1/5.6 121,484,235 132 18 (87)SSNQPVSPFDIFYYERPSA(1◦5) 132 0.00% 2205.1104 1
Arylsulfatase A (Bos taurus)
Spot 03 66.8/5.3 115,497,982 135 9 (59)FTDFYVPVSLCTPSR(73) 37 0.00% 1789.8284 1
(85)MGLYPGVLEPSSR(97) 29 1422.6754 1
(201)YVAFAR(206) 28 727.3512 1
(371)HTLFFYSAYPDEVR(384) 43 1746.8322 1
Zinc-alpha-2-glycoprotein (Bos taurus)
(109)EG (123)
(222)CL
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n the other hand, spots 4701 and 5501, more intense in
jaculates displaying higher sperm motility scores (G2),
ere identiﬁed as arylsulfatase A (4701) and zinc-alpha-
-glycoprotein (5501).
. Discussion
The present study reports on the relationships between
he spot intensity of Santa Ines ram seminal plasma maps
nd sperm motility parameters. These rams are typical of
he tropical regions from the Brazilian northeast, but in the
ast years have been disseminated throughout the coun-
ry. Seminal plasma proteins come mostly from the mix  of
auda epididymal ﬂuid (Moura et al., 2010) and accessory
ex gland ﬂuid proteins (Moura et al., 2007), but may  also
e shed from the sperm membrane (Thimon et al., 2005).
eminal plasma proteins have been associated with sev-
ral aspects of sperm function, such as sperm capacitation
Manjunath and Thérien, 2002), formation of the oviduct
eservoir (Gwathmey et al., 2006) and gamete interac-
ion (Clark, 2011). Protein fractions separated from seminal
lasma have also been associated with the ability of the
perm membrane to recover after cryo-injury (Barrios et al.,
000; Pérez-Pé et al., 2001).
In the current work, certain spots (3304, 3601, 5501
nd 8001) were more intense in gels from ejaculates with
igher sperm motility, while others, such as spots 301
nd 5001, were more intense in gels from semen dis-
laying lower motility scores. Spot 5001 was identiﬁed
s bodhesin 2, a member of the spermadhesin superfam-
ly (Teixeira et al., 2006). Spermadhesins are generally
ow molecular weight proteins, abundant in the seminal
lasma of ungulates (Tedeschi et al., 2000; Teixeira et al.,
006; Rodriguez-Martinez et al., 2011), that originate in
he accessory sex glands (Moura et al., 2007; Souza et al.,
011) and epididymis (Moura et al., 2010). These proteins
re mainly involved in the formation of the oviduct reser-
oir (Talevi and Gualtieri, 2010) and gamete interaction
Topfer-Petersen et al., 2008), although there have been
eports that some of these proteins work as decapacitat-
ng factors in the boar (Vadnais and Roberts, 2010). In the
ull, the intensity of isoforms of spermadhesin Z13 in theSHTFQGAFGCELR 50 0.00% 1695.8884 1
AYDFYPR(230) 44 1205.6266 1
accessory sex gland ﬂuid has been negatively associated
with dairy bull fertility (Moura et al., 2006b). Although the
precise mechanism is still unknown, it is possible that this
relationship results from the decapacitating properties of
spermadhesins. On the other hand, as found in this work,
spermadhesins may  be associated with lower sperm motil-
ity (Iwamoto et al., 1995; Caballero et al., 2008).
Another spot more abundant in the group with lower
sperm motility, was spot 301. This spot has been identi-
ﬁed as the ram seminal vesicles protein 22 kDa (RSVP22),
which belongs to the binder of sperm protein family (BSP’s)
(Manjunath et al., 2009). They bind to sperm during ejac-
ulation, and remain bound until sperm reach the oviduct
(Souza et al., 2008), where they modulate the formation of
the sperm reservoir (Gwathmey et al., 2006). In the ram,
as it is the case for its bovine counterparts (Manjunath
et al., 1994), RSVPs are produced by the vesicular glands
(Souza et al., 2011), and are not present in the epididy-
mal  sperm or cauda epididymal ﬂuid. In many species,
such as the bovine (Thérien et al., 1995), goats (Villemure
et al., 2003) and bison (Boisvert et al., 2004), these pro-
teins regulate sperm capacitation by selectively removing
cholesterol and phospholipids from the sperm membrane.
However, if they remain in contact with sperm for extended
periods of time, there is a continuous removal of phos-
pholipids and cholesterol which may  harm the membrane
structure and cause deleterious effects to sperm motility
(Bergeron and Manjunath, 2006).Arylsulfatase A (AS-A) has
been reported to be a component of the cauda epididy-
mal  ﬂuid in bulls (Moura et al., 2010), and it is acquired
by sperm during epididymal transit, where it attaches to
the surface of the sperm head (Weerachatyanukul et al.,
2003). It has been shown that AS-A is able to disperse
the cumulus-oocyte complex (Wu et al., 2007), helping
sperm to reach the oocyte, where it mediates zona pel-
lucida binding (Tantibhedhyangkul et al., 2002). In this
work, one of the spots associated with highly motile sperm
(spot 4701) was  identiﬁed as AS-A. It has a molecular
weight similar to those found in the mouse and pig seminal
plasma (Tantibhedhyangkul et al., 2002). So far, this is the
ﬁrst report associating the presence of AS-A in the sem-
inal plasma with sperm motility, but the mechanism by
RuminanM.A.M. Rodrigues et al. / Small 
which AS-A could affect motility is still unknown.Another
spot (spot 5501) associated with samples displaying higher
sperm motility was identiﬁed as zinc-alpha-2-glycoprotein
(ZAG-2). This protein is usually associated with the modu-
lation of lipolysis from adipocytes (Bing et al., 2004), via the
cyclic AMP  and protein kinase A signaling pathway. Recent
work reported ZAG-2 to be present in human seminal
plasma, and being able to regulate the initiation of forward
motility in epididymal spermatozoa (Ding et al., 2007). The
protein binds to the sperm membrane in the pre-equatorial
region and midpiece, and the mechanism involved in the
regulation of sperm motility by ZAG-2 involves the same
cAMP/PKA pathway (Qu et al., 2007). Since the prostate
seems to be the source of seminal ZAG-2 (Ahlgren et al.,
1995), it is likely that this protein binds sperm after ejac-
ulation and up-regulates the signaling pathways, leading
to an increase in sperm motility. Also, minor increases
in the spot intensity corresponding to ZAG-2 signiﬁcantly
increase the probability of the ejaculate to display high
sperm motility, based on the logistic model. Thus, these
ﬁndings suggest that in the ram, as in humans, ZAG-2 plays
an important role in the regulation of sperm motility. Other
spots associated with sperm motility are still in process of
identiﬁcation.
In conclusion, associations between the intensity of
selected spots in the seminal plasma of Santa Ines rams and
the motility of ejaculated sperm are reported. Knowledge of
their identities is a crucial step toward the understanding of
how these proteins are related to sperm motility. Currently,
research is being done on the isolation and puriﬁcation of
these proteins from the ram seminal plasma, in order to
gain insight into the mechanisms underlying their associ-
ation with sperm function.
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